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(54) LITHIUM SECONDARY BATTERY 

(57)Abstract: 

PURPOSE: To enhance charge/discharge cycle property by forming a 
film made of a specified metal oxide on the surface of a positive electrode. 

CONSTITUTION: A positive electrode 1 using a lithium-transition metal 
composite oxide, on which a film of at least one oxide selected &om the 
group comprising BeO, MgO, CaO, SrO ; BaO, ZnO, A1203, Ce02, and 
As203 is formed, as an active material, and a negative electrode 2 are 
housed in a positive can 4 and a negative can 5 as a battery case through a 
separator 3 impregnated with a nonaqueous electrolyte. The positive 
electrode 1 is connected to the positive can 4 through a positive current 
collector 6, and the negative electrode 2 is connected to the negative can 
5 through a negative current collector 7. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to improvement of the positive electrode aiming at improving a 
charge-and-discharge cycle property in detail with respect to the lithium secondary battery which makes a 
lithium-transition-metals multiple oxide a positive active material. 
[0002] 

[Description of the Prior Art] When a lithium secondary battery does not need to take the decomposition voltage of water into 
consideration and selects a positive active material suitably in recent years, it is observed from it being possible to attain 
high-voltage-ization. 

[0003] LiV 308 since capacity is large as a typical positive active material of this kind of cell while it is easily producible, 
LiFe02, LiNi02, LiCo02, LiMn02, and LiMn 204 etc. - the lithium-transition-metals multiple oxide is mainly used 
[0004] However, there is a problem that it is not that whose charge-and-discharge cycle property is the grade to which 
satisfaction goes enough [ yet practically ] in the lithium secondary battery which used the lithium-transition-metals multiple 
oxide as a positive active material. Since the positive electrode where this makes a lithium-transition-metals multiple oxide a 
positive active material has surface high activity, it is because the electrolytic solution (nonaqueous electrolyte) decomposes 
on a positive-electrode front face. 

[0005] The place which this invention is made to solve this problem and is made into the purpose is by suppressing 
decomposition of the electrolytic solution on the front face of a positive electrode to offer the lithium secondary battery 
excellent in the charge-and-discharge cycle property. 
[0006] 

[Means for Solving the Problem] The lithium secondary battery (this invention cell) concerning this invention for attaining the 
above-mentioned purpose is a lithium secondary battery equipped with the positive electrode which makes a 
lithium-transition-metals multiple oxide an active material, and is BeO, MgO, CaO^ SrO, BaO, ZnO, aluminum 203, Ce02, 
and As 203 to the front face of the aforementioned positive electrode. Or it is characterized by forming the coat which 
consists of two or more sorts of such mixture. 

[0007] As the above-mentioned lithium-transition-metals multiple oxide, they are LiV 308, LiFe02, LiNi02, LiCo02, 
LiMn02, and LiMn 204. It is illustrated. When obtaining the cell excellent in especially the charge-and-discharge cycle 
property, especially the lithium-transition-metals multiple oxide expressed with general formula LiX nickel 1 -y Coy Oz 
(however, 0< x<l .3, 0<=y<=l , 1 .8< z<2.2) is desirable. 

[0008] When obtaining the cell excellent in the charge-and-discharge cycle property especially as the above-mentioned coat, 
especially the coat that consists of BeO, MgO, CaO, SrO, BaO, ZnO(s), or two or more sorts of such mixture is desirable. 
[0009] As a method for forming the above-mentioned coat, C VD (Chemical Vapor Deposition), a vacuum deposition, and 
sputtering are illustrated. 

[0010] The feature of this invention is in the point in which the specific coat was formed on the front face of the positive 
electrode which makes a lithium-transition-metals multiple oxide an active material. So, it is possible to use especially 
various material which is conventionally proposed as an object for lithium secondary batteries, or is used about other 
members which constitute a cell, such as negative-electrode material and nonaqueous electrolyte, without a limit. 
[00 1 1 ] For example, as a negative-electrode material, occlusion and the matter which can be emitted, or a metal lithium can 
be electrochemically used for a lithium ion. As occlusion and matter which can be emitted, a carbon material and lithium 
alloys (a lithium-aluminium alloy, a lithium-lead alloy, lithium-tin alloy), such as a graphite, corks, and an organic substance 
baking object, are electrochemically illustrated in a lithium ion. 

[0012] As a solvent of nonaqueous electrolyte, moreover, ethylene carbonate, vinylene carbonate, A high dielectric constant 
solvent, and these and diethyl carbonate, such as propylene carbonate, A mixed solvent with low boiling point solvents, such 
as dimethyl carbonate, 1, 2-dimethoxyethane, 1, 2-diethoxy ethane, and ethoxy methoxyethane, as this solute LiPF6, LiC104, 
LiCF3 S03, LiN (CF3 S02)2, LiBF4, and LiAsF6 It is illustrated, respectively. 
[0013] 

[Function] Since the coat which consists of a specific metallic oxide is formed in the front face of a positive electrode, the 
reaction of a lithium-transition-metals multiple oxide and the electrolytic solution stops being able to happen easily, and 
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decomposition of the electrolytic solution in the front face of a positive electrode is suppressed 
[0014] 

[Example] It is possible to change this invention suitably in the range which is not limited to the following example at all and 
does not change the summary, and to carry out hereafter, although this invention is further explained to a detail based on an 
example. 

[0015] (Examples 1-10) 

[Positive electrode] LiOH and nickel(OH)2 Co2 (OH) It mixes with a mortar by the mole ratio 2:1:1, heat-treats by 750 
degreeC under dry air atmosphere for 20 hours, and is in Ishikawa style ** a mortar grinds, and it is LiNiO.5 Co 0.5O2 of 5 
micrometers of mean particle diameters. It obtained. 

[0016] subsequently, LiNi0.5 Co 0.5O2 as this positive active material The acetylene black as an electric conduction agent, 
and the polyvinylidene fluoride as a binder the weight ratio 90:6:4 -- mixing -- a positive electrode -- a mixture -- preparing 
this positive electrode -- a mixture -- 2 t/cm2 After carrying out pressurization molding by ****** at the shape of a disk with 
a diameter of 20mm, it heat-treated by 250 degreeC for 2 hours, and the positive electrode (A) was produced (examples 1-9). 
[0017] Moreover, it is LiMn 204 as a positive active material. The positive electrode (B) was produced like the above except 
having used it (example 10). 

[00 1 8] Subsequently, sputtering of the following conditions was performed and the coat with a thickness of about 1 
micrometer it is thin from the various metallic oxides shown in Table 1 was formed in the above-mentioned positive electrode 
(A) or the front face of (B). In addition, the thickness (the amount of support of a metallic oxide) of a coat was controlled in 
sputtering time. 

[00 1 9] (Conditions of sputtering) 

degree of vacuum: - 1x10 -7-torr (torr) argon (Ar) **: - 1x10 to 5 torrs [0020] 
[Table 1] 
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[002 1 ] [Negative electrode] The metal lithium rolled plate of predetermined thickness was pierced with a diameter of 20mm 
in the shape of a disk, and the negative electrode was produced. 

[0022] [Nonaqueous electrolyte] To the mixed solvent of the volume ratio 1 : 1 of ethylene carbonate and diethyl carbonate, 
the 6 fluoride [ phosphoric-acid ] lithium was melted 1 M (a mol/liter), and nonaqueous electrolyte was prepared to it. 
[0023] [Assembly of a cell] this invention cells bus available 1 -bus available 10 of a flat form were assembled using the above 
positive/negative pole and nonaqueous electrolyte (cell size : 3.0mm in the diameter of 24.0mm, thickness). In addition, as 
separator, the fine porous membrane made from polypropylene was used, and previous nonaqueous electrolyte was infiltrated 
into this. 

[0024] Drawing 1 is the cross section showing the produced this invention cell typically, and this invention cell A of 
illustration consists of the separator 3 which estranges mutually a positive electrode (thing in which the coat which consists of 
a specific metallic oxide was formed on the positive electrode (A) or the front face of (B).) 1 , a negative electrode 2, and these 
two electrodes 1 and 2, the positive-electrode can 4, the negative-electrode can 5, the positive-electrode charge collector 6, a 
negative-electrode charge collector 7, insulating packing 8 made from polypropylene, etc. 

[0025] The positive electrode 1 and the negative electrode 2 are contained in the cell case where counter through the 
separator 3 which sank in and the right negative-electrode cans 4 and 5 form nonaqueous electrolyte. Through the 
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positive-electrode charge collector 6, with the positive-electrode can 4, a negative electrode 2 can be connected to the 
negative-electrode can 5 through the negative-electrode charge collector 7, and a positive electrode 1 can take out now the 
chemical energy produced inside the cell to the exterior as electrical energy again from the ends child of the positive-electrode 
can 4 and the negative-electrode can 5. 

[0026] (Examples 1 and 2 of comparison) The comparison cells BC1 and BC2 were assembled like examples 1-10 except 
having not formed a coat on the surface of the positive electrode. However, a positive electrode (A) is used for the 
comparison cell BC1, and the comparison cell BC2 uses a positive electrode (B). 

[0027] [Charge-and-discharge cycle property] It is current density 1 mA/cm2 about this invention cells bus availablel -bus 
availablelO and the comparison cell 1 and BC 2. Current density 3 mA/cm2 after charging to 4.3 V The charge-and-discharge 
cycle examination which makes 1 cycle the process which discharges to 2.5 V was performed, and the charge-and-discharge 
cycle property was investigated. The service capacity of 1 cycle eye of each cell, the service capacity of a 400 cycle eye and a 
capacity maintenance factor [capacity maintenance-factor (%) =(service capacity of service-capacity / 1 cycle eye of 400 cycle 
eye) xlOO] are shown in previous Table 1. y 
[0028] As shown in Table 1 , this invention cells bus availablel -bus availablelO in which the specific coat was formed on the 
positive-electrode front face have a large capacity maintenance factor compared with the comparison cells BC1 and BC2 
which did not form a coat in the positive-electrode front face. Especially the capacity maintenance factor of [ bus 
available4-bus available9 ] this invention cells bus availablel -bus available9 with the especially same positive electrode is 
large. This shows that BeO, MgO, CaO, SrO, BaO, or ZnO is desirable especially as a coat formation material Moreover as 
a positive active material from comparison with this invention cell bus available 9 and this invention cell bus available lo' it 
is LiMn 204. LiNi0.5 Co 0.5O2 It turns out that it is desirable to use the lithium-transition-metals multiple oxide expressed 
with formula LiX nickel 1 -y Coy Oz (however, 0< x<l .3, 0<=y<=l , 1 .8< z<2.2) represented 

[0029] At the above-mentioned example, it is LiNi0.5 Co 0.5O2 as a lithium-transition-metals multiple oxide Or LiMn 204 
Although it was used, this invention can apply various lithium-transition-metals multiple oxides to the lithium secondary 
battery made into a positive active material. 

[0030] Moreover, although the case where this invention was applied to the lithium secondary battery of a flat form was 
tomvention cdi eXamPle ^ ^ above " mentioned exam P le ex P lai "ed it, there is especially no limit in the configuration of 
[0031] 

[Effect of the Invention] Since decomposition of nonaqueous electrolyte cannot take place easily on the surface of a positive 
electrode at the time of charge, this invention cell is excellent in a charge-and-discharge cycle property. 

[Translation done.] 
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